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(54) LINEAR MOTOR AND PRODUCTION METHOD THEREFOR 



(57) Inorder to educe the magnetic flux leak through 
the gap between the magnetic pole teeth of the armature 
so as to reauce the magnetic attraction force generated 
betweer the armature and the needle, an armature unit, 
comprising an armature cere 5 to be wound with an ar- 
mature coil 4 anc two magnetic poles 1 and 2 is con- 
structed on the top of which there are providec magnetic 
pole teeth 11a 12b. 21 b. and 22a protruding toward the 
opposing magnetic pole, where the magnetic pole teeth 
of the magnetic pole 1 are arranged in two heights, up- 
per and lower so that the (2n-1 )-th tooth (n^1 . 2. 3 ) 



protrudes as :he uppe? one and the (2n) th :ooth (n^ 1 . 
2 3 ...) protrudes as the lower one and the magnetic 
pole teeth of the opposing magnetic pole 2 are arranged 
in two heights^ upper and lower so that the (2n-1)-th 
tooth (n=1 . 2, 3 : ...) protrudes as the lower one and the 
(2n)-th tooth (m 1 : 2. 3 : ) protrudes as the upper one. 
and the magnetic flux flows upward and downward al- 
ternately between the upper and lower magnetic pole 
teeth, wherein the needle 6 equippea with permanent 
magnets moves relatively in the gap 8 between the up- 
per and lowe r magnetic pole surfaces of the armature 
unit. 
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Description 

BACKGROUND OP THE INVENTION 

(Field of the Invention] s 

[0001] The present invention relates to a lirea r motor 
and a manufacturing method thereof, particularly to a 
linear motor and a manufacturing method of a linear mo- 
to- wherein there are provided an armature on which a io 
coil is to be wound and magnetic poies with pairs of op- 
posing magnetic pole teeth upper and lower, which are 
arranged alternately 

[Prior Art] 15 

[0002] It has been known conventionally that, if the 
magnetic field of a linear motor is generated by a per- 
manent magnet, high thrust can be attained with a com- 
pact constiuciion Thus, various constructions have ?o 
been thought out for a linear motor. 
[0003] Japanese Application Patent Laid-Opcn Pub 
hcalion No SHO 63-310361 discloses a linear pulse 
motor that can be manufactured at lower cost by means 
of simplified lead treatment While details are described 2b 
in the Publication, the brief construction of the linear mo- 
tor is as follows and as shown in Fig 12. 
[0004] Inside a straight armature 3 having a U -shaped 
section there are fixed in para:lel two yokes also having 
a U-shaped section, and a coil 4 is wound longitudinally 30 
on the bottom of each yoke. Each yoke is equ.pped with 
two magnetic poles standing upright A magnetic pole 
plate is fixed on the top of each magnetic pole, where 
magnetic pole teeth 20 at an equal interval protrude to 
ward the other magnetic pole plate, thus alternating the 35 
magnetic pole teeth 20 and forming a crow pole type 
magnetic pole surface A needle 6. which is so held as 
to be able to move along the longitudinal direction of the 
armature 3. is equipped with two sets of permanent 
magnets 7 in parallel with each other so as to face with -*c 
the magnetic pole surface through air gap and the per- 
manent magnets 7 are so magnetized that the polarity 
alternates at the same interval as the protruding teeth 
of the magnetic pole plate With this construction, when 
two-phase sine wave current with 90-degree phase shift 4 $ 
is supplied to the coil 4 wound on each yoke, the needle 
6 moves on the armature 3 along the longitudinal direc- 
tionbecause of the well-known linear motor mechanism. 

[Problems to be Solved by the Invention] so 

[0005] Acceding to a prior art while a linear motor 
can be manufactured at lower cost by means of simpli- 
fied construction and simplif.ed lead treatment, it in- 
volves the following problems That is. because the two 55 
magnetic poles and magnetic pole plates provided for 
the armature 3 are so constructed as explained above, 
the magnetic flux leak through the gaps between the al- 



ternating magnetic pole teeth 20 protruding from the top 
of the two magnetic poles is large as a whole As a result, 
the thrust of the motor is lower as compared to the ex- 
citing current In addition, since a magnetic attraction 
force acts between the armature 3 and the needle 6 in 
one way. a greater burden is put on the support mech- 
anise cf the necdle6 and consequently strain is caused 
in the construction, resulting in various troubles 

SUMMRY OF THE PRESENT INVL N7 ION 

[0006] An object of the present invention is to offer a 
linear motor and a manufacturing method thereof, 
wherein the flux leak through the gaps between the 
magnetic pole teeth of the magnetic pole plates is re- 
duced so that the magnetic attraction force between the 
armature and the neeole is minimized 

[Means for Solving [he Problems) 

[0007] In orde r to achieve the above object, there is 
provided a linear motor comprising an armature and a 
needle with magnetism, the armature being equ pped at 
least with a magnetic pole of the first polarity having the 
first opposing section and another magnetic pole of the 
second polarity having the second opposing section, 
and the needle being placed between the first opposing 
section and also oetween the second opposing section 
[0008] There is also provided a manufacturing meth- 
od of a linear motor comprising an armature and a nee- 
dle having magnetic poles, wherein an armature cere to 
be wound with a coi . magnetic poles on both sides and 
a magnetic pole unit integrated from upper magnetic 
pole teeth and opposed lower magnetic pole teeth are 
manufactureo separately from laminated steel plate to 
form an armature unit and an armature equipped with 
a magnetic pole of the first polarity having the first op 
posing section and another magnetic pole of the second 
polarity having the second opposing section is con 
structed by assemblingthe separately manufactured ar 
mature unit 

BRIEF DhSCHIP I ION Oh THE DRAWINGS 
[0009] 

Fig. 1 is a schematic drawing of linear motor accord- 
ing to an embodiment of the present invention 
Fig 2 is a sectional view of linear motor in Fig. 1 . 
Tig. 3 is a conceptual diagram of magnetic flux flow 
of linear motor :n Fig 1 

Fig 4 is a linear motor comprising two armature 

units of the present invention in series. 

Fig 5 is a linear motor comprising two armature 

units of the presert invention in parallel 

Fig 6is a schematic drawing of series arrangement 

of armature units according to another embodiment 

of the present invention. 
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Pig 7 is a schematic drawing of needle according 
to another embodiment ot the present invention 
(firs:) 

Fig 8 is a schematic drawing of needle according 
to another embodiment of the present invention 
(second) 

Fig 9 is a schematic drawing of needle according 
to another embodiment ot the present invention 
(third) 

Pig 1 0 is a sketch showing a manufacturing method 
of linear motor according to the present invention 
Fig 11 is a sketch shewing another manufacturing 
method of linear motor according to the present in- 
vention 

Pig 1 2 is a schematic drawing of linear pulse motor 
according to a prior an 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[Description of the Preferred Embodiments] 

[0010] The preferred embodiment of the presen: in- 
vention is explained hereunder, using the drawing fig 
ures 

[C01 1 ] Fig. 1 is a schematic drawing of a lirea r motor 
according to an embodiment of the present invention, 
and Fig 2 shows its sectional view 
[0012] In Fig 1 1 is a magnet ic pole 11a is an upper 
magnetic pole tooth of the magnetic pole 1 1 2b is a low- 
er magnetic pole tooth of the magnetic pole 1 . 2 is an- 
other magnetic pole 21b is a lower magnetic pole tooth 
of the magnetic pole 2 22a is an upper magnetic pole 
looth of the magnetic pole 2. 3 is an armature. 4 ts an 
armature coil. 5 is an armature core 6 is a needle. 7 is 
a permanent magnet 8 is a gap between the upper mag- 
neticpole tooth 11a cf the magnetic pole 1 and the lower 
magnetic pole tooth 21b of the magnetic pole 2 (or be- 
tween the lower magnetic poletooth 12b of the magnetic 
pole 1 and the upper magnetic pole tooth 22a of the 
magnetic pole 2). and Ps is a center-to-center pole pitch 
between two adjacent magnetic pole teeth on the same 
upper or lower side The armature 3 is equipped with 
the magnetic poles 1 and 2 on Doth sides of the armature 
core 5 at the bottom, and the armature coil 4 is wound 
longitudinally on the armature core 5 which is a long and 
straight core having a U-shaped section Thus the ar- 
matu r e 3 has two magnetic poles 1 and 2 
[0013] While the magnetic pole 1 is equipped on its 
top with an upper magnetic pole tooth 1 1 a. a lower mag- 
netic pole tooth 1 2b. an upper . protruding towards the 
magnetic pole 2 the magnetic pole 2 is equipped on its 
top with a lower magnetic poletooth 21b. an upper mag- 
netic pole tooth 22a. a lower ... protruding towards the 
magnetic pole 1. That is. the protruding magnetic pole 
teeth of the magnetic pole 1 are arranged in two heights 
upper and lower, so that the (?n- 1 )-th tooth (n - 1 2. 3 ) 
protrudes as an upper one and :he (2n)-th tooth (n -1. 



2.3. ) protrudes as a lower one To the contrary to the 
magnelicpole 1 .themagnctic poleteeth of the magnetic 
pole 2 are arrange also in two heights so that the (2n- 
1)-th tooth (n=1 , 2, 3. ...) pro'.rudcs as a lower one and 

5 the (2n) th tooth protrudes as an upper one When the 
who.e upper magnetic pole teeth of the magnetic poo 
1 and magnetic pole 2 ar e defined as an upper magnetic 
polo surface and the whole lower magnetic polo teeth 
as a lower magnetic pole surface : this construction 

io means lo provide two magnetic pole surfaces, upper 
and lower, where the opposing magnetic pole teeth of 
the magnetic pole 1 and magnetic pole 2 arc alternated 
[0014] Here a pair of the first upper magnetic po'<c 
looth 1la and lower magnetic pole tooth 12b is defined 

*5 as the first opposing section and the second lower mag- 
netic pole tooih 21 b and upper magnetic pole tooth 22a 
as the second opposing section. Consequently the ar- 
mature is so constructed that the (2n-1)-th pair comes 
as the first opposing section and the (2n)-lh pai r comes 

20 as the second opposing section 

[0015) When a constant gap 8 is provided between 
the upper magnetic pole tootn and ower magnetic pole 
tooth of each opposing section and a needle having 
magnct:sm is put through the gap £. there is provided a 

2b construction where the needle is held between the first 
opposing sec.ion and also between the second oppos- 
ing section. 

[0016] With the above construction, there is provided 
an armature unit where the magnetic flux flows upward 

30 and downward alternately be:ween the upper and lower 
magnet. c pole teeth in the gap between the upper and 
lower magnetic pole teeth of each opposing section of 
a linear motor according tc the present embodiment and 
the needle moves relatively through the gap 

35 [0017] In Fig 2. a support mechanism (on tho arma- 
ture side) 14 supports the relatively moving needle 6 on 
to the a r mature 3 side and a support mechanism (on the 
needle side) 15 supports the relatively moving needle 6 
onto the needle 6 side The needle 6 supported by the 

-J0 support mechanisms 14 and 15 moves relatively in the 
gap 8 as if running in a tunnel 

[0018] In a linear motor according to the present em- 
bodiment, there are provided two different magnetic 
pole teeth, upper and lower, of the armature 3 and the 

**5 needle 6 moves relatively between the upper and lower 
magnetic pole teeth. Provided that the distances from 
the center of the needle 6 lo the upper and lower mag- 
netic pole teeth are equaL the attraction force acting be- 
tween the needle G and the upper magnetic pole teeth 

50 is equal to but the direction is opposite to the attraction 
force acting between tne needle 6 and the lower mag- 
netic pole teeth. Thus the attraction forces cancel each 
other to become zero as a whole As a result, the attrac- 
tion force between the needle 6 and the magnetic pole 

55 teeth of the armature 3 can be reduced and accordingly 
a burden on the suppoo* mechanisms 14 and 15 can be 
minimised 

[0019] Fig 3 is a conceptual diagram showing the 
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magnetic flux flow of a linear motor according to the 
present embodiment. When the armature coil 4 is excit- 
ed, and if the upper and lower magnetic pole teetn of 
the magnetic pole 1 are magnetised to K polarity, the 
upper and lower magnetic pole teeth of the magnetic 
pole 2 are magnetized to S polarity When this happens, 
the magnetic flux flows from the upper magnetic pole 
tooth 11a of the magnetic pole 1 to the lower magnetic 
pole tooth 21b of the magnetic pole 2 and similarly from 
the lower magnetic pole tooth 12b of the magnetic pole 
1 to the upper magnetic pele too:h 22a of the magnetic 
pole2 As a result, the direction of the magnetic flux flow 
in the gap 8 between the upper and lower magnetic pole 
surfaces reverses at every magnetic pole pitch 
[0020] In a linear motor according to the present em- 
bodiment because cf the above, the magnetic f lux flows 
from the upper magne:ic pole teeth toward the lower 
magnetic pole teeth through the N pole and S pole of 
the permanent magnel of Lhe needle 6 and also from the 
lower magnetic pole teeth towaid the upper magnetic 
pole teeth through the S pole and N pole of the perma- 
nent magnet of the needle 6. As a result, the magnetic 
path of a magnetic circuit of effective fluxes becomes 
shorter magnetic resistance becomes lower, effective 
magnetic flux increases, and magnetic Mux leak de 
creases 

[0021] On the other hand, since a conventional crow 
pole type linear motor has only a single magnetic pole 
surface, the magnet o flux from the N pole teeth of the 
armature 3 flows across the S pole and N pole of the 
permanent magnet of the needle 6 and returns to the S 
pole tecih of the armature 3 Hence the magnetic path 
of a magnetic circuit of effective f iuxes becomes longer. 
As a result, in a conventional crow pole type the mag 
netic resistance increases and the magnetic flux leak 
not flowing through the permanent magnet of the needle 
6 but flowing directly from an N pole tooth to an adjacent 
S pole tooth of the armature 7 increases. 
[0022] Next, a linear motor comprising multiple arma- 
ture units in Fig 1 . arranged in seres or in parallel, is 
explained hereunder F.g 4 shows a linear motor com- 
prising two armature units in Fig 1 arranged in series 
[0023] Generally, in Fig. 4. an armature unit A and an 
armature unit B are arranged in series so that the pitch 
between the magnetic pole tooth "a" of the armature unit 
A and the magnetic polo tooth "b" of the adjacen: arma- 
lu'e unit B is (K.P+P/M) {(K-0 : 1 . 2 ). (M=2 3.4. )} 
P represents the magnetic pole pitch (either the arma- 
ture magnetic pole pitch Ps or needle magnetic pole 
pitch Pm is selected), anc M represents the phase of 
the motor Namely. K-3 and M = 2 apply in Fig. 4 
[0024] In Fig 4. the armature magnetic pole pitch Ps 
car. be either equal to or different from the needle mag- 
netic pole pitch Pm Making the armature magnetic pole 
pitch Ps equal to the needie magnetic pole pitch Pm is 
elective for reducing the thrust pulsation acting be- 
tween the permanent magnet 7 and the magnetic pole 
teeth. The needle 6 is equipped with multiple permanent 



magnets 7 so that the polarity is alternated between two 
adjacent magnetic poles and that the magnetism is di- 
rected towarc Z m Fig 2 

[0025] When the needle 6 is held n the gap 8 between 

5 the upper and lower magnetic pole surfaces of the ar 
mature unit A and armature unit B by the support mech- 
anisms 14 and 15 as shown in Fig 2 and the armature 
coil 4 of the armature unit A and that of the armature unit 
B are excited alternately, the magnetic flux flows in the 

10 gap 8 between t he upper magnetic oole surface and the 
lower magnetic pole surface in an alternate direction at 
every magnetic pole p'tch. Thus, a thrus! is generated 
as a result of P/2 essentialfor a movement, and the nee- 
dle 6 moves relatively 

?5 [0026] As explained above, arranging two armature 
units in series constructs a linear motor where the nee- 
dle 6 moves relatively through a gap between the upper 
magnetic pole surface and lower magnetic pole surface 
of the armature units A and B 

20 [0027] Although the above explanation covers an ar- 
rangement of two armature units ir series as shown in 
Tig 4 the same applies to an arrangement of multiple 
armature units ir series 

[0028] Fig. 5 snows a linear motor comprising two ar- 
2b mature umts in Fig. 1 arranged n parallel As shown in 
Fig 5. the armature unt A and the armature unit B arc 
arranged n parallel and completely alongside, each 
needle is equipped with mult. pie permanent magnets 7 
so that the poianty is alternated between two adjacent 
30 magnetic poles, and the needle 6a and the needle 6b 
are combinea into a piece In doing this, the needle 6a 
is shifted from the needle 6b by a pilch of P/2 Relatively 
speaking, it is also permissible that the needle 6a and 
the needle 6b are integrated completely alongside but 
35 that the armature unit A is shi f ted from the armature unit 
B by a pitch of P'2. 

[0029] In the parallel arrangement in Fig. 5 : the arma 
ture magnetic pole pitch Ps can be either equal to or 
different from the needle magnetic pole pitch Pm as in 

JO the series arrangement in Fig 4 

[0030] In a similar manner as in Fig 4. when the nee- 
dle 6a and needle 6b are held in the gap 8 between the 
upper and lower magnetic pole teeth ofthe armature unit 
A and armature unit B. respectively by the support 

■*$ mechanisms 14 and 15 as shown in Fig 2 anc the ar- 
mature coil 4 of the armature unit A and that of the ar- 
mature unit B are exciled alternately, the magnetic flux 
flows in the gap 8 betweer the upper magnetic pole sur- 
face and the lower magnetic pole surface in an alternate 

so direction at every magnet.c pole pitch. Thus a thrust is 
generated as a result of P/2 essential for a movement, 
and the nccd ! c 6 moves relatively 

[0031] As explained above, arranging two armature 
units in pa r allel and combining two needles into a piece 
55 constructs a linear motor where the needle 6a and nee- 
dle 6b move relatively througn a gap between the upper 
magnetic pole surface and lower magnetic pole surface 
ofthe armatu'e units A and B : respectively 
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[0032] Although the above explanation covers nn ar- 
rangement of two armature units in parallel and combi- 
nation of two needles into a piece as shown in Fig 5. 
the same applies to an anangement of multiple arma- 
ture units in parallel andcombmalton of multiple needles 
into a piece 

[0033] In an arrangement of multiple armature units 
in series or in parallel if the armature units or needles 
are combined into a piece so that the pitch either be- 
tween the magnetic pole teeth of two adjacent armature 
units or between the magnetic poles of two adjacent 
needles is (K Pi P/M) {(K 0.1.2 ..) (M-2. 3. 4 )} as 
explained above each can move relatively, where P 
represents the magnetic pole pitch and M represents the 
phase of the motor 

[0034] Fig 6 is a schematic drawing ot a scries ar 
rangement of armature units according to another cm 
bodment of the presen: invention Fig 6 shows a two- 
phase linear motor, wherein four armaiure units are ar- 
ranged in series, of which two each armature units form 
one phase : and the magnetic pole tooth pitch between 
two adjacent armature units of the same phase is (K P) 
{K=0 1.2. .. } andthe magnetic poletooth pitch between 
two adjacent armature units of different phases is (K 
Pi P/M) {(K--0. 1 2. ...). (M: 2 3.4, ...)} {K is an optional 
number not exceeding the maximum number of adja- 
cent armaiure units to be installed, and M is the phase 
of the motor} provided tnat the magnetic pole pitch is P 
6 ( r)) shows the Phase A - Phase B - Phase A - Phase 
B arrangement of the armature units 6 (b) shows the 
Phase A - Phase A - Phase B Phase B arrangement 
of the armaiure units 

[0035] When multiple armature units are installed to 
form one phase as shown in Fig 6 greater thrust can 
be attained by the linear motor. Although Fig. 6 covers 
a linear motor wherein four armature units are installed 
of which two each armature units form ore phase, the 
above explanation applies to an arrangement of multiple 
armature units in series The same applies to an ar- 
rangement of multiple armature units in parallel and 
combination of multiple needles mto a piece 
[0036] Fig 7 shows another embodiment of the nee 
die in the present invention 1 he needle 6 in Fig 1 is 
ecuipped with multip'e permanent magnets 7 so that the 
polarity is alternated between two adjacent magretic 
poles The needle 6 in Fig 7. however employs a flat 
ferromagnetic material instead of the permanent mag- 
nets 7. and a raised magnetic pole tooth 13 is provided 
at a constant interval on both sides of the ferromagnetic 
matenal. 

[0037] When raised magnetic pole teeth 13 are pro 
video on both sides of the ferromagnetic material, the 
magnetic resistance between the armature and the 
magnetic pole syface varies. That is. the magnetic re- 
sistance between the raised magnetic pole tooth 1 3 and 
the magnetic pole surface of the armature is lower than 
the magnetic resistance between the flat section 16 of 
the ferromagnetic material and the magnetic pole sur- 



face of the armature By utilizing the variation of the 
magnetic resistance, a freely moving needle can be ob- 
tained 

[0038] In the above conslrLction. it is possible that the 
5 raised magnetic pole teeth 1 5 are made of ferromagnet- 
ic material and the flat sections 16 are made of perma- 
nent magnet, forming a combined needle It is also pos- 
sible to cornbtnc the raisec magnetic pole teeth 13 made 
of ferromagnetic material with the flat sections 16 made 
10 of non-magnetic material. 

[0039] Fig 8 shows an example where the flat need'e 
in Fig 7 is made into a tubular needle Ferromagnetic 
materials 36 and non-magnetic materials 37 are com- 
bined on a shaft 35 Permanent magnets can also be 
75 employed 

[0040] Fig 9 shows another embodiment of the nee- 
dle in the present invention. In Fig 9. the needle 9 is 
constructed into an endless belt or chain in which the 
ferromagnelic malenals 34 are embedded Permanent 
20 magnet can be employed instead of the ferromagnetic 
material 

[0041] A method of manufacturing a linea' motor ac- 
cordingto the present invention is explained hereunder 
[0042] Fig 10 is an exploded view of the linear motor 

25 in Fig 1 Each of the magnetic poles 1 and 2 and mag- 
netic pole teeth 11 a 1 2b. 21 1. and 22a is manufactured 
separately, and the magnetic pele 1 and magnetic pole 
teeth 11a and 12b are pul together and the magnetic 
pole 2 and magnetic pole teeth 12b and 2?a are also 

30 put together, forming an armature unit. For this, it is pos- 
stole to press out the magnetic pole and upper and lower 
magnetic pole teeth for each side in one piece and put 
the two sides together into a unit it is also possible to 
press out all the magnetic poles and upper and lower 

35 magnetic pole teeth for two sides in one piece 

[0043] The support mechanism (on the armature 
side) 14. mounted on the armature unit, supports the 
needle vertically and horizontally 

[0044] Fig 11 shows another manufacturing method 
■to of a linear motor accoraing to the present invention With 
this manufacturing method, a magnetic pole unit 31 A 
comprising an armature core to be wound with a coil 4 
magnetic poles on both sides, an upper magnetic po'c 
tooth 11a. and an opposing lower magnetic pole tooth 
**5 21b is manufactured in one piece from laminated steel 
plate 

[0045] The magnetic pole unit 31 A installed lo an op- 
posite orientation serves as the other magnetic pole unit 
31 A\ A support structure 32 and a duct 33 are installed 

50 between the magnetic pole unit 31 A and the other mag- 
netic pole um; 31 A 1 . As a result the armature is so con- 
structed that the (2n-1 )-th unit is the magnetic pole unit 
31 A corresponding to the first opposing section and the 
(2n)-th unit is the other magnetic pole unit 31 A' corrc- 

55 sponding to the second opposing section. 

[0046] It is also poss ble to manufacture the magnetic 
pole units 31 A and 31 A' separately in a nght-hanri half 
and a left-hand half ard put the halves together into a 
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unit so as to sandwich the coil 4 from both sides 
[0047] Although the preferred embodiment of the 
present invention has been explained above making ref- 
erence to a linear motor the needle and armature unit 
of the present embodiment arc applicable to a vibration 
type linear actuator in which the needle moves relatively 
in reciprocation as the DC currenl is suoplied to :he coil 
of the armature unit. 

[Effects of the Inventior] 

[0048] According to the present invention, as ex- 
plained above, the magnetic patn of a magnetic circuit 
of elective fluxes becomes shorter anc accordingly 
magnetic flux ieak can be reduced 
[0049] Besides as a result that the overall attraction 
forces between the needle and the armature, acting per- 
pendicularly to the moving direction of the needle, are 
cancelled each ether to zero, the attraction force be- 
tween the needle and the magnetic pole surface of the 
armature can be reduced ana accordingly a burden on 
the support mechanisms can be minimized 
[0050] In addition the armature according to the 
present invention can be manufactured easily and of 
fectively by manufacturing an armature unit in separate 
pieces wherein a magnetic pole unit comprising an ar- 
mature core to be wound with a coil magnetic poles on 
both sides an upper magnetic pole tooth and an op- 
posing lower magnetic pole tooth is manufactured in one 
piece from laminated steel plate. 

Claims 

1 . A linear moto r comprising an armature and a needle 
with magnetism, the armature be ng equipped at 
least with a magnetic pole o*' a first polarity having 
a first opposing section and another magnetic pole 
of a second polarity having a second opposing sec- 
tion and tne needle being placed between the first 
opposing section and also between the second op- 
posing section 

2. A linear motorcompnsmg an armature and a needle 
havingmagnetic poles wherein the relative position 
of the needle perpendicular to the moving direction 
is mamtainec by an interaction between the arma- 
ture and the needle 



4. A linear motor according to any one of Claims 1 to 
3: wherein, when multiple armature units are in- 
stated, of which two or more armature units form 
one phase and the magnetic pole pitch is assumed 
to be P, the magnetic pole tooth pitch between two 
adjacent armature units of the same phase is (K.P) 
{K^0 : 12. . } and the magnetic polo tooth pilch be 
tweentwo adjacent armature units of different phas 
es is (K P-iP/M) {(K-0. 1. 2. ) (M-2. 3 4. )} {K 
is an optional numoer not exceeding the maximum 
number of adjacent armature units to bo installed, 
and M is the phase of the motor) 

5. A linear motor according to any one of Claims 1 to 
4: wherein the magnetic pole tooth pitch o' the ar- 
mature units is either equal to or different from the 
magnetic pole pitch of the needle 

6. A linear motor according to any one of Claims 1 to 
5. wherein there is provided a support mechanism 
for supporting the needle that moves relatively in 
tne gap cf the armature unit. 

7. A manufacturing method of a linear motor compris 
ing an armature and a needle naving magnetic 
poles : wherein an armature core to be wound with 
acoil, magnetic po es on ooth sides, and a magnetic 
nole unit integrated from upper magnetic pole teeth 
and opposed lower magnetic pole teeth are manu- 
factured separately from laminated steel plate to 
form an armature unit, and an armature equipped 
with a magnetic pole of the first polarity having the 
firs: opposing section and another magnetic pole of 
the second polarity having the second opposing 
section is const r ucted by assembling :he separately 
manufactured armature unit 



40 



3. A linear motor according to Claim 1 or Cam 2 50 
wherein when multiple armature units are installed 
and the magnetic polo pitch is assumed to be P. the 
magnetic pole tooth pitch between two adjacent ar- 
mature units is (K.P-t P/M) {(K-0. 1 . 2 .. .). (M-2. 3 
4. )} {K is an optional number not exceeding the 55 
maximum number of adjacent armature units to be 
installed and M is the phase of The motor) 
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